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Ahsirad - ‘1’lle chirp scali]lg S/11{ processi]lg,  algc)ritlllll is
lmtlt accurate and Cfficicllt, Successf[ll ilul]~lclllclltatioll  rc-
quil’cs ])1[)])(:1 Sclc!diol) of tlIc illter\’al of out]jut  saIII]jlm,
}vl)icll is a Iul]ctjioll  of tlIc chirp illtcrlral, signal sal]l]~lillg
rate,  aI]d sig[]a] I)a]lckvidtl]. Al]a]j’sis  i]lclicates 1 lIat for I)ot]l
ilil’1)OI’ll  C’ and s])accl~orl  Ic ,S/11{ a])pl ications ill tllc slant ral~gc
dolllaill a lillcar Cllirl) scaling is sllfl’ucimlt.  ‘1’0 ])crfolln 11o11-
lillcar iiltmpolat ion I)rocess sucl~ as to OLltpllt F; IouIId ral)gc
SAI{  il]lfi~cs, OIIC call LISP a IIolllil]rar chirp scali]lg illtcr~m
later  ])rcsclltml  ill this I)a])cr.

t~l)ir]) sca]in~, illtcr])o]atioll  [1] is a process tl]at ~ields alllmt
l)crfwt  illtcl])(jlaticjll  rcstlll . ;lltlIcJuglI SOIIIC ])w]]lc refrain
frol]} cal]illg it all il]tcrpolator  for its lack of’ rwctllhlallcc  to
al I illt,cl])olator, cllir]~ scalili~ lio~vci”cr flll~ctiolks Iilw all ill-
kr]mlator.  Strictly spcakil)g, it oIIlv dca]s i!’itll input si.e, t}al
with collstalll  saIIIl)lc spacing, aIId ‘ i t  0111!’  guleratcs  output
signal }vit]l col)stallt saII)])lc  s])acillg. IN aIIotl Im uwrd, i t
olt]y rmcalcs  tllc ill~)lll signal ill lhc llori7,01\tal  axis.

ltx])rcsscd  ill integral forlll, ,$~(f) is gil’cll l~y



Sil Ice tile smo]][l integral is a ddta fullctioll,  .$’z({) is tlIeIcfore
givcll ljy
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W1]WC CY =- ( 61  +  &2)/bl and v =- ,fs/1{.  ‘1’l~is  illdicat,cs that
tlIe tilne il]tcvwl  of tllc valid outljut sigl]at is a futlctioll of
tlIc tillm illtcrval of tllc first chirp usd in this illtupolatioIl
])1’OCCSS. 1/01  -y = 1.18, tllc ratio l>ct\\mIl ‘J1,,,,~ and ‘1’1 as a
ful~ctjo~~  of n is depic.tcd in l“igurw 1. II SI1OLIICI hc IIotcd tl)at
tile out,~)llt sallll)lillg il\tcr\’al is givcll by o/~~.

AI IU301{N1’;  C:]]]]{]’ SCAI,ING  I’I{OCI’; SSINC:

If tlic range IIistoriw of all the targets  ill a ttvo dimcllsiol~al
(latla I)lock arc idcllt ical, a 2-1 ) fast l“c)llricr  correlation cal I
dirmtly  1-)(’  a]~]~lid to acl]icve IJO(II IaIIg;e .aII(l azilllutll colrc-
latiol~ sill]llltallco~lsly. ‘J’o accoln])lisl]  this, IYc l)crforIll  a 2-1)
1“1~’1’  (aII a7jilnutll  1’1’”1’  f o l l o w e d  by a IaIIRC ll’lJrJ’) for tile
SAI{  raw data, lwrforlll  a 2-1) 1’111’1’ 011 tllc ]mint-t,arget  2-1)
illl])ulsc res])o  IIsc, IIlultiply tlIe first sl)cctruln  l)y tlic colnplex
colljugatr  of tllc second s]jcTtrul II, tlle]i ])elforlll a 2-1) inverse
IJII’’I1. }~or real SA1{ data,  tllc range IIistory of targets  varies
ill tlIc cross-track dilncllsioll. ~’11(’rcfol”(’, tllc img(! gcll(’r-
atd fron] tl]c alJo\’c  algoritlll]l  \vill 1)(’ focused only f o r  a
vcIy sllallolv slal It ral}gc illlcrva] ill Iv}licl] tllc ra]lgc IIistorics
IIlatcll that  of tllc rcferrtlcc  fullctioll.  AIJo~rc  and l)PIOW t h a t
ildcrval,  resulting illlagcs arc slncarcd ill both the range and
a~,illlutjl)  directions. ‘J’ltr slnca]ing  alol]~ azimut]l  is IIlainly
flIIc to tl)e II)islnatcll of tllc focl~sillg palall]ctcrs  l~etl!’cell tlIc
})hase fulictioll  of tile target illlpulsc rml)onsc and that of tllc
l’cfwulu’  1’C’S])O1lSC. ‘J’he slncarillg  aloIIg ral]gc is due tc) tile
lnislnatc]l  of tl)c range curvatures lmtwccII tljc two I’CS]JOIISCS.



wl]icll clclje]lds only on tl]c }Io])l>lcr frequency ~. ‘I’l Jc p h a s e
of cad) sample alo]lg cacl] curve follows tl]at of a l:i14 fll]lctio]l
with a s]]]all tilIlc:-}>al]cl\\~icltll j)roduct, ‘1’llcse ljhasc fu]lctions
acc.oul It for t,]lc ]nis Inatc]l Ijct]vcc]] tl]c forusillg,  l)ara]]]ctcm.

‘1 ’0  bc furtllcr  Iiotd is that  tllc ti]ne origin for apl)lyillg lq
]INISt follow tile range Inigratioll curve of the rcfercllcc  target.
‘I]llcreforcl  ~J2(T, w) is gik’cll by

(o(u) - 1 )/\”’(k)
py(7, @) = exp{--j27r-—

~
-- ---(T - 7,( f(k))~}



7’(1, 7’0)  =  7,0/ sill 0,,

J--” “A f
?’(f,?’()) = ?’(j/ 1 -- (z o ;).

‘1’llc scaling factor  is then givcll by
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Assulnil]g;  a circular ])olar orbit  over {he Cxjllator  of a splicr-
ical surface ,  tl)c ~(l(v~) and .fr(ro) call be cxl)rcssd Ijy
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,4 i s  tlIc s])armraf(  accclmatio]l.  IL i s  tile cart]l ro-
vclocity,  0],, al)d 01 arc tltr lc)ok allglc aIId incidcmcc
rm])cctivc]y.  It can 1.w slloiv]) t h a t
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A ‘llaylOI’S scrim ml)allsio]l  c)f this scale factor ca]t bc llladc to
cllccli tl]c linearity of tlIc scale factor as a functiol) of rI. ‘I’l Ie
l]ul]mi(:al  r e s u l t s  il]dicatc  that  tlIr sccoIId  order cocfficicnlt
is  t,oo sJI]all 10 1)(’ Collsiderd.

NONLINI’;A  1{. C13JI{I}  SC: AI,ING  IN’I’l;I{I’OI,A’I’OR
‘J’lIc existi]lg  cllirj) scaling processing CaII only Le ap])lid to
SA1/ prouxsing  ill tl~e slant ra]]gc dolnai]) duc t o  its colI-
straillt  of lillcarity.  1 lo}vevel, for lIlost S. Al{ al~])lications,  it
i s  dcsiral)lc  to ])rcw]]t tlIc Sj\l{  illlagw ill tile grou Ild rallgc.
III SUCII cases, post i!ltmpolatio]l  is still rmjuird to convert
slalltl raI]gc il)lagc into grou]](l  ral]gc illlagc, 111 tllc! follow-
illp; analysis,  it \vill  slIoJ\T that tllr  cllirl) scaling illtcrpolat,or
call IJc IIlodifid to allow it lIa IIdlc Ilolllinear i)ltmljolatioll
l) IoLICIIIS.  1~~’ col)ll)illill~;  t h i s  ]Iolllillrdr cllir]) scaling intcr-
l)olator iljto $j~fl{ cor~clatio]l  I)roc(ss ,  ~,lolll~(l IaIIg,r ilnagcs
ca]] hc olj(ai]le(l ~vitll hotll liigll gcolnc[ri(  accuracy  and ]]igh
l)rocrssillp, cflicicllcy.

IJds collsi(ler an illtcrl)olatol  that gulcratcs saIIIIJlcs having
saln])]c s])acillg I)(,illg a  lillcar  fllll(’tioll  o f  ti]rlc.  Agai  I), usiljg

tllc  sal Ilc II]atl)clllaticai  l~roccss as descrihd ill (1 ), IIowcwcr,
tllc ~;’avcfolllls  o f  p~(l) and ~J3(t)  arc  clIoscII  a s  follotvs:

1)1 y
p(t) =  CXp{- ‘@d}, p~(t) ~- Csp{jby}

It call I)e s} IowII that

1
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II) iIlllJlclIlcIltatioll,  several factors must h c.ol]sidmcd, ‘]’hc
first is that aliasing effect should lIot b olmuccl for ally
valid out])ut saJnples. ‘1’hc scmnd is that tllc third aI~d sec-
ond c)rclcr )Jhase tcrnls ill 6’ should ]Iot cllallgc tlIe resollltion
alId l)ixc] location of # by IHCIrC tl]all a set, of l~rcscrihc(l u~h
lm l)ouIIds, ’110 prmcIIt aliasillg, tl]e ti)llc illtcri’al IILUSt  Le
lx~NIIdcd accordil)g to

‘1’0 IIlailltai)l a rcsolutiol] I>roadcning  king ]css than 10% of
tllc ~-dll widt]), tllc cocfficie]lt c m u s t  IN l>oLIIldcd by [f]

!/’ Yi2
mc(j- )7 < 1 .s’2

wlIerc Y’1 is tl]c  intcn’al  of p] (f). ‘l’c) lllail~iaill  ]ocatioll ofl”set
lwi)lg less tllall IO% of tl]c 3-dll  Jvi(ltll, tlIc cocf[icic)lt c IJ]ust
lW l.)oun[lc’(1  hy [4]

CONCJ,LJSION

‘J’]Ic prcw’ious~y  r(!]~oJ’tcd  c]lill)  sca]illg  S.41{ ]Jmcessi[lg a]g;o-
ritll]ll illcorlmatd a  linear chiq) scaling inter j)o]atiojl l)ro-
ccss. l)etlaild analysis 011 tlhc illter~al o f  valid outl)ut salIl-
]~les  arc givml ill tl)is  I)a])cr. ‘1’}]c  scale factor analysis illdi-
caks that, this algoritllln  is suitable  f o r  bot]i ai)llorlic  a]ld
s])ac.cl)oJllr  SA1{ apl)licatiol]s  iIl t}ic> slant, ra)l$;e  [lo)llai)l. ‘J’o
Out])ut gl”oul)d  l’aJlgc SA1{ ilJlag(.’s, a  nollli  Jlrar illtrrl)olator

IImst Iw used,  ‘1’his ]~apcr f inal ly  IJrcsents an eflicicmt al]d
accllrate  llolllil]car chirp scali)lg illterpolatcw  as  a callclidatc
for solving that problmn.

‘1’l]c  J’(’SCaJ’C]l  dmcril>cd ill ttlis ljaper  \f’dS carried out by tl]c
Jet ]’rol)u]sioll ],abol’atol’y, Califorl]ia ]llstitutc of ‘J’ccll]Iol-
ogy, uJIdcr a (Io)ltcact Ivitll tlIc .h’atimlal f\moliautics  a n d
Sl)acc .Aclll]illistlatic)l].
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Figurel. Ratio between thevalid output interval
to the interval of the chirp
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Figure 2. The energy trace of the impulse response spectra
from the simple 2-D fast Fourier correlation
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Figure 3. Airborne SAR Geometry


